Cross sectional echocardiography is now a well recognised method of cardiac investigation. Indeed, in certain circumstances it has replaced cardiac catheterisation as the primary means of investigation. l-3 Recent developments in instrumentation have made it possible to generate echocardiographic images directly comparable with the anatomy of the heart in its natural position within the body and hence as seen by angiocardiography. Complete understanding of these images requires a knowledge of normal tomographic cardiac anatomy. There have been few attempts to section formalin fixed hearts in a fashion directly comparable with echocardiographic images. 4 5 Those studies which have been done have tended to display the sections produced in an orientation dictated by the echocardiographic equipment rather than by morphological reality and this has led to comparisons of echocardiograms with sections of hearts orientated in anatomically impossible positions. 5 In comparison with these correlations using anatomical sections, however, other attempts to correlate anatomy with echocardiography have been inaccurate. This is because they seem to be based exclusively on reconstruction of presumed anatomy from observed echocardiograms rather than by direct correlation with material taken at necropsy.67 Consequently there is a need for representation of cardiac anatomy in an orientation which will readily and immediately *George R Sutherland is now consultant paediatric cardiologist at the Wessex Regional Cardiothoracic Centre, Southampton.
Accepted for publication 5 July 1983 be of value not only to the cross sectional echocardiographer but to all who study the image.
Materials
Ten hearts from people who died without any known structural heart disease were fixed by perfusion with buffered 10% formalin to preserve their three dimensional integrity. Each heart was then cut with a sharp brain knife to simulate one of the series of planes used during cross sectional echocardiography (see below). In each series of cuts the heart was placed in its anatomical position. After each cut the heart was photographed. In several instances the sections of heart were reconstituted using cyanoacrylate glue (Superglue) and the heart was then resectioned in a different series of planes.
ARRANGEMENT OF THE CARDIAC CHAMBERS
To understand the sectional anatomy it was first necessary to appreciate the disposition of the cardiac chambers relative to the position of the heart in situ.8 The long axis of the heart deviates considerably from the long axis of the body, the cardiac axis being from the left hypochondrium (apex) towards the right shoulder (base) (Fig. 1 fright angles to inlet septum-four chcimber Long ascis fright ongles to outlet septum-two chomber Fig. 1 The long axis ofthe heart is inclined at about 450 to the long axis of the body in tenns of three orthogonal planes.
the superiorly located pulmonary valve (Figs. 2a and  b) . Because of this "wrap around" relation of the right ventricle to the left ventricle, the different components of the ventricular septum occupy various planes. We find it easier to describe these interrelationships by considering both the ventricles themselves and the muscular interventricular septum as having three components, rather than the traditional "sinus" and "conus." These components are the inlet component, extending from the atrioventricular annulus to the distal attachment of the papillary muscles, the apical trabecular component, and the outlet component which supports the arterial valve. The inlet septum (between the inlet portions) is then placed at an angle of almost 900 to the outlet part of the septum. The apical trabecular septum curves round between these two extremes in addition to extending out between the ventricular apices (Fig. 3) .
The ventricular septum is thus well described in terms of its three muscular components, these radiating out from the small fibrous or membranous com- ponent which is part of the central fibrous body (the junction of aortic, mitral, and tricuspid valves). The ventricular free walls are also well described in terms of their inlet, apical trabecular, and outlet components. Supplementary description is then provided by recognising the surfaces of the ventricular mass. When viewed from its apex looking towards the base the mass is roughly triangular (Fig. 4a) . One surface rests on the diaphragm and is conveniently designated the diaphragmatic surface. There is a abrupt margin between this surface and the anterior sternocostal surface. This acute margin is the inferior side of the mass in anterior projection (Fig. 4b) . The other two margins are much more gradual, being between the pleural surface of the heart and the sternocostal and diaphragmatic surfaces respectively. The upper of these margins forms the right hand side of the anterior silhouette and is the obtuse or left lateral margin of the left ventricle (Fig. 4b) . On the posterior surface of the ventricular mass, the point at which the plane of the inlet ventricular septum intersects with the atrioventricular junction is termed the crux. The Table summarises the terms used to describe the heart. Full description of any three dimensional structure requires recognition of its three orthogonal planes. In the body these are the sagittal and coronal long axis planes and the horizontal or short axis plane ( Fig. 1) . None the less, the heart itself can also be described in terms of three orthogonal planes (Fig. 1) . The two long axis index planes are at right angles to the inlet and outlet parts of the ventricular septum. The plane through the inlet septum shows both atrial and both ventricular chambers and is called the four chamber plane. The plane parallel to the outlet septum has traditionally been called simply the long axis plane, but this convention obscures the fact that the four chamber plane is also in the cardiac long axis. As we will see, the series of planes approximately at right angles to the outlet septum (parallel to the inlet septum) show for the most part either the two right sided or the two left sided chambers. For this reason we propose to refer to these planes as two chamber planes, following the precedent of Edwards et al. 9 The two chambers are often supplemented by a great artery or its outflow tract. The third series of planes are the short axis planes, which are at right angles to both four chamber and two chamber series.
(
When demonstrating the cross sectional anatomy of these planes, the echocardiographer is constrained by the fact that the heart is largely overlain by the lungs and the entire thoracic organs are encased by the rib cage. Access is therefore limited to the echocardiographic windows. These are the parasternal, apical, subcostal, and suprasternal portals (Fig. 6) . From each of these windows the investigator can obtain two of the three orthogonal planes, together with a series of intermediate planes between these two and towards the third plane. The third index plane can never be visualised because the transducer is itself in that plane.
From the parasternal interspaces, cuts in the two chamber and short axis planes of the heart itself can be obtained (Fig. 7a) . From the apical position, the cuts can be taken in both long axis planes of the heart, yielding the four chamber and two chamber series respectively (Fig. 7b) . From the subcostal or suprasternal position, it is not normally possible to manipulate the transducer along the cardiac orthogonal axes. Instead the plane of the sound beam is moved along the axes of the body, producing parasagittal and paracoronal series (Fig. 7c) . As we will see, these can approximate to the long and short axis cuts of the heart, but there are appreciable differences in the information provided. ORIENTATION 
Results

SECTIONS SIMULATING VIEWS FROM THE APICAL WINDOW
Both the apical index planes are in the long axis of the heart. Two of the hearts were cut in the two chamber plane and four hearts were cut in the four chamber plane. The index plane at right angles to the outlet septum and parallel to the inlet septum is the two chamber section, as are the rightward and leftward series of parallel sections (Fig. 8) .
The index section (Fig. 9b) passes through the ventricular apex and up through the aorta. It is parallel to the inlet septum and at right angles to the outlet septum. It shows mostly the left ventricle, with the small outlet part of the right ventricle seen anteriorly. The transected wall of the left ventricle is the diaphragmatic surface of the inlet and trabecular components. Posteriorly the cut shows the anterior and diaphragmatic surface of the left atrium. The feature of aortic mitral valve fibrous continuity is well illustrated. The parallel two chamber sections to the right and left of the index section show the right sided and left sided cardiac chambers respectively ( Fig. 9a and 9c ). These cuts are parallel to the greater part of the ventricular septum, which is not visualised in the right sided cut nor in the left sided one when this is taken to the left of the pulmonary trunk. The other long axis apical section is at right angles to the inlet septum and parallel to the outlet septum. The most anterior of these sections usually obtainable echocardiographically shows the origin of the aorta from the left ventricle and the ventriculoinfundibular fold which separates the right ventricular outflow from the tricuspid valve (Fig. lOa) . A deeper cut then shows the posterior aspect of the left ventricular outflow tract wedged between the mitral valve and the septum (Fig. lOb) the ventricular mass. A deeper cut behind the aortic root then shows the four cardiac chambers, the different levels of attachment of the atrioventricular valves producing the atrioventricular muscular septum (Fig.  lOc) . The presence of septal attachments of the tricuspid valve and absence of mitral septal attachments are shown, as is the differing morphology of the right sided and left sided atrioventricular junctions. It is the inlet and trabecular components of the ventricular septum that are visualised, together with the oval fossa of the atrial septum and its surrounds. The most posterior of the four chamber cuts is through the crux of the heart (Fig. 10) . This shows the intersection of the inlet ventricular septum with the atrioventricular junction and illustrates the coronary sinus draining through the left atrioventricular groove into the right atrium.
SECTIONS SIMULATING VIEWS FROM THE PARASTERNAL WINDOW
Three of the 10 hearts were sectioned to simulate the parasternal long axis plane. This produces a series of I-426 Fig. 8 The three long axes cuts at ight angles to the outlet septum which produce the two chamnber series of echocardiographic planes.
two chamber cuts which, in terms of their anatomy, are directly comparable with the apical two chamber sections. From the standpoint of echocardiography, however, the sections are orientated with the apex to the observer's left hand.
The second series of parasternal cuts produces short axis sections. These show well the sweep of the ventricular septum and illustrate the angulation between its inlet and outlet components. The apical sections illustrate well the coarsely trabeculated right ventricle and the circular apical part of the left ventriSilverman, Hunter, Anderson, Ho, Sutherland, Davies cle (Fig. 1 la) . The cut at mid-ventricular level transects the mitral valve papillary muscles (Fig. llb) . Parallel From the subcostal window the sound beam when directed through the heart traverses it in the paracoronal and parasagittal planes of the body rather than in the axes of the heart itself ( Fig. 7c) . Two hearts were sectioned in each of these planes. The two series of cuts have much in common with the four chamber and short axis series, although the long axis cuts also provide two chamber planes depending on the extent to which the transducer can be advanced beneath the rib cage. Generally, especially in younger people, in whom these planes are more readily achieved because of lax abdominal muscular tone, the fulcrum of the long axis paracoronal planes will be on or posterior to the acute margin of the right ventricle. Then the anterior cut will enter through the acute marginal surface and will provide a two chamber section of the (Fig. 12a) . A deeper section will cut through the ventriculoinfundibular fold and extend into the subaortic ouflow tract, visualising the inlet and trabecular parts of the septum and the obtuse margin of the left ventricle (Fig. 12b) . Sectioning still more deeply will approximate to the four chamber apical section (Fig. 12c) . The deepest section of all is particularly important since this can cut behind the inlet part of the ventricular septum while still passing through the atrial septum. This produces a three chamber section which superficially suggests absence of the right atrioventricular connection (Fig. 12d) . The full series of paracoronal sections (Fig. 12a-d) are needed to elucidate fully the anatomy.
The parasagittal sections approximate to the short axis cardiac sections (Fig. 13a) . The angle of incidence is such that the outlet part of the septum is shown to greater advantage ( Fig. 13b and 13d) . Angling the cuts from this section then shows the important relation between the subaortic and subpulmonary outflow tracts and the wedge position of the aortic valve between the tricuspid and mitral valves (Fig.  13c) . The morphology of the central fibrous body is well illustrated in this series of cuts, as is the arrangement and integrity of the atrial septum ( Fig. 14a and  14b) group.bmj.com on June 26, 2017 -Published by http://heart.bmj.com/ Downloaded from Anatomical basis of cross sectional echocardiography echocardiographic section rather than interposing the arbitrary "grid system" suggested by Edwards et al. 9 and modified by the American Society of Echocardiography.I0 Even if a system of computer coordinates for myocardial segments is used these can be described better in anatomical terms than by numerical symbols.
In our study we prepared sections in the three orthogonal axes only. We appreciate that the planes chosen provide a reference in merely one particular scan plane. The echocardiographer has the facility (and uses it constantly) to make many "off axis" cuts of the heart with minor changes of the transducer position. We have not attempted to display the specimens in these oblique planes, since they are almost infinite. None the less, in choosing the triaxial system of coordinates here recommended, certain caveats should be noted. If the heart is examined using cuts which entail sweeping along the axes of the body, then differences in position and orientation of the heart will considerably alter the anatomy displayed. For example, the views obtained when the heart is right sided (dextrocardia) will bear little resemblance to those illustrated here, even if the heart is structurally normal. Similarly, when the heart is malpositioned, quite different transducer positions will be needed to display the stimulated echocardiographic sections we have illustrated. In short, the sections we have simulated provide only the basis for understanding. For precision, the echocardiographer should describe his results using a system based on transducer position, the plane obtained, and the modification of this plane by manoeuvres such as cranial angulation or oblique rotation.
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